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57 
THE RESPONSE OF SWEET LUPINS TO INOCULATION IN WESTERN AUSTRALIA 
Before proceeding with details of the six lupin inoculation experiments con-
ducted in 1974 the following comments are presented as a brief summary of the 
work so far done en lupin inoculation. 
Thirty nine inoculation experiments with sweet lupins (mainly Lupinus 
angustifolius var. Uniwhite, Uniharvest and Unicrop have been conducted in 
South-Western Nustralia since 1970. They have been drill-sown under farmer 
conditions and they have been aimed at finding where it is necessary to 
inoculate and the best method of ineculating seed,. 
Of the 39 trials, 36 gave better nedulation following inoculation,, The 
responsive sites supported few naturally occuni.ng rhizobia rather than high 
populations of ineffective rhizobia. I don't know of any crop failures 
attributable to poor competition of inoculant rhizobia with indigenous 
organisms, Similarly, I don't know of any non-inoculated control sewings 
that gave both good nodulation and poor growth. 
Seed Yield: It is net difficult to demonstrate a response to inoculation in 
terms of nedulatien. The difficulty comes in obtaining a response in seed 
yield. 
Twenty nine of the thirty nine trials were harvested for seed; 16 gave higher 
yields when inoculated, with responses ranging from 100-900 kg/ha representing 
10-50 per cent yield differences (Table 1). 
Table 1: The grain yield response of lupins to inoculation. 
Seed yield (kg/ha) 
Site 
Bakers Hill 
Badgingarra 
Bridgetewn 
Duranillin 
Duranillin 
Manjimup 
Jacup 
Narrogin 
Tunney· 
Woodanilling 
Ongerup 
Wagin 
1971 
1971 
1971 
1971 
1971 
1971 
1972 
1973 
1973 
1973 
1973 
1974 
Land History 
New 
Old 
New 
Old 
New 
New 
Old 
Old 
Old 
Old 
Old 
New 
Not inoc 
1345 
1480 
1614 
807 
2287 
2018 
220 
740 
1076 
538 
336 
790 
Inoc 
2018 
1681 
1883 
1076 
2488 
2556 
320 
1211 
1211 
942 
672 
1606 
( ) Difference as a per~:!i.t 'of inoculated 
Difference 
673 (33) 
202 (12) 
269 (14) 
269 (25) 
202 ( 9) 
538 (21) 
100 (31) 
471 (39) 
135 (12) 
404 (43) 
336 (50) 
816 (51) 
5z 
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Seven of the 16 respensive sites were on newly cleared land; the remainder 
were on old land new to lupins and were either the first, second or third 
crap after clover. 
It is by no means established that the better a lup[n plant grows in the 
spring the more the seed. There have been many instances where short yellow 
non-inoculated plants have eventually yielded as much seed as inoculated 
plants that grew very well early in the season. Likely reasons for these 
differences include: moisture shortage at end of season; loss of leaves 
by the more vigorous plants before they can contribute to ped fill; premature 
cessation of nitrogen fixation. 
Table 2 illustrates some of the interesting differences between seed yield 
obtained and seed yield expected on the basis of responses in earlier vege-
tative growth and ~odulation. 
Table 2; Influence of inoculation on the nodulation, spring yield of 
tops and seed yield of sweet lupins. 
Vegetative yield Seed yield 
NodulatiEln ~ (kg£'.'.'.ha) (kg£'.'.'.ha~ 
Location a +inoo -ineo +inoc -inoc +inec -inec 
Williams 92 18 2400 1500 1900b 1800b 
Woedanilling ' 55 0 1400 1000 900b 500° 
Wag in 90 2 4000 1000 1606 718 
Cunderdin 95 15 3700 1200 618 575 
a Uniharvest at Williams1a.nd Uni crop at ether sites. 
b 33% crude protein 
c 27% crude protein 
Method of inoculation: Current recommendations for inoculating lupins in 
Western Australia provide for a choice between lime pellet and gum slurry 
inoculation. Pelleting is recommended for new land situations where the seed 
is sown in contact with trace element fertiliser. Gum slurry inoculation is 
used when plain superphosphate is used. 
Most of trials conducted since 1970 included comparisons between the two 
methods, The only cases where lime pellet was superior were the new land 
sewings and it was assumed that the lime gave some protection against the 
trace elements. 
A trial conducted at Lancelin in 1974 showed depressed nodulation (not, in this 
case, reflected in later growth) when gum slurry inoculated seed was drilled 
with fertilizer containing copper. Neither zinc nor manganese had any. effect. 
5'1 
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LIST OF 1974 EXPERIMENTS 
1. Effect of seed inoculation and method of inoculation on Unicrop lupins 
sown into newly cleared land - NARROGIN. 
2. Effect of seed inoculation and method of inoculation en Uniorop lupins 
sown into newly cleared land - WAGIN. 
;. Effect of seed inoculation and method of inoculation en Unicrop lupins 
sown into old land - CUNDERDIN. 
4. Effect ,of seed inoculation, method of inoculation and manganese sulphate 
on Unicrep lupins, sown into newly cleared land - WEST DANDARAGAN. 
5. Effect of seed inoculation, methed of inoculation and manganese sulphate 
on Unicrop lupins sown onto old clover land that had previously grown 
sweet lupins - WEST DANDARAGAN. 
6. Assessment of the effectiveness of lime pelleting of lupin seed as a 
means of protecting seed applied rhizobia from trace elements, including 
manganese, in fertilizer mixes - LANCELIN. 
bo 
TRIAL 1 
74NA22 /2993EX 
.4. 
INOCULATION OF Lupinus angustifolius, UNICROP - EFFECT OF INOCULATION AND 
METHOD OF INOCULATION ON NEW LAND. 
Locality: 
Soil Type: 
History: 
Fertilizer: 
Sowing: 
Treatment 
Lime Pellet 
Gum Slurry 
Nil 
LSD 1 s 5% 
1% 
0.1% 
Rasul ts: 
Wagin (Mrs M. Piesse) 
Grey-/white sand over gravel at 20 cm. White gum 
New land. 
200 kg/ha. (by farmer) plain super and 400 kg/ha No. 2 mix super-
phosphate topdressed before sowing. Plain super sown with the 
seed at 170 kg/ha. 
Sown May 7 with seed inoculated previous day. 
Sowing rates: plain seed, 79 kg/ha; slurry inoculated seed 
76 kg/ha; lime pelleted seed at 91 kg/ha. 
Plant Wt 
Tap Root 
Seed Yield 
Plant density Nodulation 
1 000 1 s/ha g/50 plants kg/ha Arc kg/ha 
June Sent. 1 '3 % sin 
242 10 4163 84 69 1601 
236 11 4003 88 70 1606 
256 11 979 1 6 718 
N .s N .S. 368 14 324 
558 22 491 
897 25 790 
1. Response te inoculation as measured by nodulation, winter and 
spring growth (colour and size) and seed yield. 
2. The growth of some plants in the nil inoculated plots ...as 
:excellent due to chance nodulation by seemingly very effective 
indigenous rhizobia. 
3. There was no agronemically significant differenoe between gum 
slurry and lime pellet inoculation in this experiment (note 
that trace element fertilizer was applied before sowing). 
TRIAL 2 
74NA23/2993EX 
INOCULATION OF Lupinus angustifolius, UNICROP _ EFFECT OF INOCULATION AND 
METHOD OF INOCULATION ON NEW LAND 
Locality: 
Soil Type: 
History: 
Fertilizer: 
Sowing: 
Treatment 
Lime pellet 
Gum slurry 
Nil 
LSD 1 s 5% 
1% 
0.1% 
Results: 
Na.rrogin (School of Agriculture) 
Light brown gravelly sand, White gum, Jarrah 
New land. 
No previous history. Basal of 500 kg/ha No, 2 mix superphos-
phate topdressed before sowing. Plain super sown with seed at 
100 kg/ha. 
Sown MS\Y 6 with seed inoculated same day, 
Sowing rates: Plain seed, 79 kg/ha; slurry inoculated seed 
76 kg/ha; lime pelleted seed at 91 kg/ha 
Plant density_ ; Plant Wt. 
1 000 1 s/ha Tap root nodulation 
g/50 plants -kg/ha Arc 
July 9 Sept. 19 July 9 Sept. 19 % sin 
231 183 10 1013 92 74 
182 132 10 485 93 76 
218 171 10 154 15 22 
NS 38 NS 401 12 
607 18 
29 
1. Response to inoculation as measured by nodU!ation and winter 
and spring growth (colour and size) seed yield. There was 
considerable grazing of the plots by rabbits which probably 
accounts for the drop in plant density between the .l:il.y and 
September counts, and the low yields relative to those of 
previous trial (74NA22). 
2. The plots were not harvested because of vermin damage, It is 
estimated that the inoculated plots would have yielded about 
450 kg/ha' and the non-inoculated ones about 120 kg/ha, 
3, Apart from the possibility of plant density differences, its 
diffioult to explain the superiority of the lime pellet treat-
ment over gum slurry (Sept. yield). There was no difference in 
nodulation between these treatments. 
TRIAL 3 
74N022/2993EX 
.6. 
INOCULATION OF Lupinus angustifolius, UNICROP - EFFECT OF INOCULATION AND 
METHOD OF INOCULATION ON NEW LAND 
Locality: 
Soil Type: 
History: 
Fertilizer: 
Sowing: 
Treatment 
Lime pellet 
Gum slurry 
Nil 
LSD's 5% 
1% 
0.1% 
Results: 
Comments: 
Cunderdin (Agricultural High School) 
Gravelly sand over clay. Mallee and Tamma 
Cleared 1920. Cropped 1968v 71 
125 kg/ha plain super every three yea.rs until 1959. Since 1960 
has received 100 kg/ha yearly. Copper zinc superphosphate in 
1968. 125 kg/ha plain super drilled with seed" 
Sown May 13 with seed ineculated and lime pelleted previous day .. 
Sowing rates: plain seed 120 kg/ha; slurry inoculated seed, 
108 kg/ha; lime pellet inoculated seed at 125 kg/ha. 
Plant density Plant weight 
Tap r00t 
Seed 
Nedulation 
1 000's/ha Yield 
g/50 plants kg/ha % Aro kg/ha 
July 31 Sept.12 July 31 Se pt, 12 sin 
341 332 198 3719 25 30 618 
313 296 171 3606 28 32 625 
298 307 123 1217 0.5 5 573 
NS NS 35 1057 5.2 NS 
53 1602 7.9 
12. 7. 
1. Response to inoculation as measured by nodulation and winter 
and spring growth (colour and size). There was no response 
in seed yield. 
1. This site was particularly weedy (mainly ryegrass). 
2 0 The nodulation pattern was strange. Although tap root nodulation was 
poor (25-30%) all inoculated plants were nodulated very well on lateral 
roets - with masses of heal thy nodules against the tap-reiot ,. It appears 
that seime other factor (high soil nitrogen status (?) following 2 years 
b3 
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ef geod clover grewth) may have inhibited tap root nod"lila.tion despite 
presence ef adequate numbers ef inoculant rhizobia. 
3. At the time of the last sampling (September 12) the soil was moist 
following recent rains. However, in some large patches ( up to 4 m diam) 
the plants had collapsed as if affected by moisture stress in the dry 
period experienced earlier. These plants did not set seed - but did not 
die er stand up. 
4. There was also much loss of leaf material from l•!fller canopy (the 40-50 cm 
of stalk from the ground was either devoid of leaves er had yellow leaves). 
there was ne sign of disease and once again it is assumed that meisture 
stress was involved, Of course the mutual shading of these densely sown 
plants no doubt contributed to leaf fall. 
5. Nodules were generally yellew-brown inside indicating cessation ef fixa-
tion. It is possible that moisture stress led to a serious slewing down 
of fixation - perhaps resulting in the premature release of stored N in 
lower leaves - and the subsequent less of these leaves. 
Another possibility is that the extremes of drying eut in September may 
have led to a diminution of carbohydrate production and a consequent 
starvation of the CHO required for fixation. 
6. The pattern of seed set on the plants in this trial is of considerable 
interest. The very much smaller plant in the non-inoculated plots set as 
much seed as the much larger plants. There was very good seed-set en the 
primary sheet on these small plants yet hardly any on the larger inoculated 
plants. 
It is relevant to ask if the larger plants were worse hit by the drought 
(may be grey leaf spot and other diseases would have a similar effect), 
It is possible that the cessation of fixation and leaf fall on the stunted 
plants was net as serieus as in the larger plants. These possibilities, 
plus the fact that the peer growth of laterals in the stunted plants may 
have meant that pod. retention and fill on the primary sheets was better on 
the small "undevel9ped n plants. 
7. If fixation was seriously checked, perhaps largely irretrievably. during 
the course of very active lateral development with the large inoculated 
plants it is possible that the nitrogen required for pod-fill was actually 
used in producing mere green matter" 
_,...--
TRIAL 4 
74M027/2993EX 
.8" 
INOCULATION OF Lupinus angustifolius, UNICROP - EFFECT OF INOCULATION, 
METHOD OF INOCULATION AND MANGANESE ON NEW LAND 
Locality: 
Seil Type: 
Histery: 
Fertilizer: 
Sowing: 
Lime pellet 
Gum slurry 
Gum slurry 
Nil 
LSD 1 s 5% 
West Dandaragan (S" Richardson) 
Grey sand over yellow sand. Banksia 
New land. 
250 kg/ha mix A super top-dressed prior to sowing, Seed drilled 
with either 170 kg/ha piain super (-Mn gum slurry treatment) or 
205 kg/ha manganese super (supplying 30 kg/ha manganese sulphate) 
Sown May 16 with seed inoculated previous day. Nil inocuation 
and slurry inoculated seed at 97 kg/ha; lime pellet inoculated 
seed at 105 kg/ha 
Plant density Plant Weight Nodulaticrn 
g/50 plants Tap Root 
• ooo•s/ha July 29 % Aro Sin 
265 39 69 57 
243 33 59 50 
(-Mn) 224 52 72 58 
273 25 46 42 
NS 17<.3 9.2 
NOTE: This trial was severely waterlogged by early July and remained so 
throughout most of the season. 
b5 
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TRIAL 5 
74M030/2993EX 
INOCULATION OF Lupinus angustifolius, UNICROP - EFFECT OF INOCULATION, METHOD 
OF INOCULATION AND MANGANESE SULPHATE ON OLD CLOVER LAND THAT HAD PREVIOUSLY 
GROWN SWEET LUPINS 
Locality: 
Seiil Type: 
History: 
Fertilizer: 
Treatment 
Lime pellet 
Gum slurry 
Gum slurry 
Nil 
- -
LSD 1 s 5% 
1% 
0.1% 
Results: 
West Dandaragan (S. Richardson) 
Grey sand over yellow sand. Banksia 
Old clover land. Lupins 1972 
350 kg/ha plain super topdressed prier to seeding (200 by farmer 
150 by Department/of Agriculture). Seed drilled with either 
170 kg/ha plain super (-Mn gum slurry treatment) er 205 kg/ha 
manganese super (contining 30 kg/ha manganese sulphate) 
Sown May 16 with seed inoculated previous da;v. Nil inoculated 
and gum slurry seed sewn at 97 kg/ha; lime pellet inoculated 
seed at 105 kg/na. 
Plant density Plant weight 
Tap roet 
Nodulatisn 
1 000 1 s/ha g/50 plants kg/ha Arc 
Sent 16 July 29 Sent.16 % Sin 
247 158 4537 98 81 
241 162 5240 100 85 
(-Mn) 237 156 4639 98 82 
241 144 4738 98 82 
NS NS NS NS 
1. No differences. 
2. Obviously ne response to inoculation in this soil where 
inoculated lupins had been sewn two years earlier. 
Seed 
Yield 
kulha 
131$ 
1344 
908 
1402 
61 
88 
129 
3. The addition of manganese did net interfere with nodulatien. 
(Compare the two gum slurry treatments) 
4. There was much split seed in the -Mn plots 
{.,,-_. 
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TRIAL 6 
74M038/2993EX (With J.W. Gartrell) 
Three Ob je cti ves : 
a) TO ASSESS THE EFFECTIVENESS OF LIME PELLETING OF LUPIN SEED AS A MEANS OF 
PROTECTING SEED APPLIED RHIZOBIA FROM TRACE ELEMENTS, INCLUDING MANGANESE 
IN FERTILIZER MIXES 
b) TO DETERMINE IF IT IS FEASIBLE TO APPLY MANGANESE TO SOIL ON LUPIN SEED 
c) TO DETERMINE IF THERE IS AN INTERACTION BETWEEN COBALT AND INOCULATION 
AT LANCELIN 
Locality: 
Soil Type: 
History: 
Fertilizer: 
Sawing: 
Treatments: 
Lancelin (K. Williams) 
Yellow sand; Banksia, Xmas tree, blackbey, scrub 
Rolled, burnt and fallowed 1972, ploughed 1973 and ploughed 
and raked autumn 1974. 
390 kg/ha superphosphate containing trace elements where 
appropriate (indicated below) topdressed May 14. 
200 kg/ha super, also with or without trace elements, drilled 
with the seed. 
Uniharvest lupins at go kg/ha (clean seed equivalent). 
Seed inoculated May 12. Sown May 15. 
29; 4 reps - plots 2.1 m x 60 m 
la7 
• 11 • 
Rates in kg/ha* 
1• Not inoculated, nGt pelleted, ne cobalt 
2. , Lime " " 
3. Inaculated, 11 " ff 
4. , gum slurry 
5. Not ineculated, not pelleted, with cobalt 
6. lime 
7. Inoculated, 
8. 
9. 
, gum slurry 
, lime pellet 
10. , gum slurry 
11. Inoculated, lime pellet 
12. 
13 
14. 
1 5. 
16, 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
" 
n 
" 
gum S 
Lime pellet 
gums 
Lime pellet 
gums 
lime pellet 
Gum S 
lime pellet 
gum S 
Lime pellet 
gum S 
gum S 
lime pellet 
25. Not ineculated, net pelleted 
26. Inoculated, gum S then pelleted Mn/lime 
27. 11 pelleted with Mn and lime 
28. gums, pelleted with Mn (11) 
29 • II II 11 II ( 5 • 5) 
Super (390) 
T.D. 
Cu; Zn; Mn 
Cu, Zn, Mn 
Cu, Zn, Mn 
Cu, Zn, Mn 
Cu, Zn, Mn 
Cu~. Zn, Mn 
Zn, Mn, Co 
Zn, Mn, Co 
Zn, Mn, C0 
Zn, Mn, Co 
Cu, Mn, Co 
Cu, Mn, Co 
Cu 0 Mn, Ce 
Cu, Mn, Co 
Cu, Zn, Ce 
Cu, Zn, Co 
Cu, Zn, Ce 
Cu, Zn, Co 
Cu, Zn, Mn 
Cu, Zn, Mn 
Plain Super 
Plain Super 
Cu, Zn, Ce 
Cu, Zn, Ce 
Cu, Zn, Ctt 
Cu, Zn, Co 
Cu, Zn, Co 
Cu, Zn, Co 
Cu, Zn, Ce 
Super (200) 
Drill 
Plain Super 
Plain Super 
Plain Super 
Plain Super 
Co 0 0 42 
Ce 0.42 
Cu 5.5 
Cu 5.5 
Cu 11 
Cu 11 
Zn 1.65 
Zn 1.65 
Zn 3 .3 
Zn 3.3 
Mn 6.8 
Mn 6.8 
Mn 13 .6 
Mn 13 .6 
Co o.42 
Co 0,42 
Cu, Zn, Mn, Ce 
Cu, Zn, Mn, Co 
Plain Super 
Plain Super 
Plain Super 
Plain Super 
Plain Super 
Plain Super 
Plain super 
*The following rates were used for all topdressed fertilizers: 
Cu 11, Zn 3,3, Mn 13.6, Ce 0.42 
Note: No manganese in treatments 23-25. 
Treatments 26 and 27 gave 4 kg/ha manganese sulphate 
Sowing Conditions: Sewn into moist soil that dried quickly after disturbance. 
Warm to hot and cleudless at sowing (May 15). Two days after 
sowing very het, light rain May 19. Cotyledon emergence 
commenoed May 20. 
b8 
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SUMMARY 
The main objectives of this experiment were covered by measurement ef early 
nodulation (as an indicator of survival of the inooulant rhizobia). Most 
other measurements are presented for the record. 
Unfortunately the highest rate of manganese sulphate used (14 kg/ha) is only 
half the amount that will be recommended for many areas. Also, this rate 
when tepdressed, did net supply sufficient manganese for adequate growth. 
The highest seed yields obtained were on those treatments with the higher 
rate of manganese drilled with the seed, viz, All Trace Elements and High Mn. 
There was a response to inoculation. Tap-root nodulatio~ ef the gum slurry 
treatments was inferior to lime pelleting in three treatments: low copper, 
high copper and all trace elements. It can be assumed that the lime pellet 
afforded protection against the toxic effect ef cepper in these harmful 
treatments. Although this assumed depression in rhizebial numbers was net 
reflected in the other measurements (ratings, vegetative growth and seed 
yield) it may be taken as a real effect and one that might give 'yield' 
reducticrns in ether soils with very 1111w pepulatiens of indigenous rhizobia. 
This might be particularly so if other factors (temperature, drying, delayed 
germination) that lower the seed population of rhizobia are operative" 
The response to cobal.t verified the earlier findings of Gartrell and 
additional work will be dene on examining the soil distribution and nature 
of the response. 
r-
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A. CONTACT WITH FERTILIZER 
I, PLANT ESTABLISHMENT AND VISUAL ASSESSMENTS OF GROWTH 
Plant Establishment (see Appendix 1 for full data) 1000's/ha 
Split up to shew effects of pelleting. 
Non ineculated Tr 1. - C0 - Lime 
2. - Co + Lime 
5. + Co Lime 
6. + Co + Lime 
25. - Lime (-Mn) 
All + Lime (inoculated) (Ten treats) 
All - lime (inoculated) (Ten treats) 
Mn/lime pellet Tr 26 
Mn/lime pellet 27 
Mn pellet high 28 
Mn pellet low 29 
Remarks: 
Pellet 
II 
n 
363 
367 
286 
363 
348 
372 
290 
268 
271 
135 
234 
1, The non-inoculated seed was plain seed. Treatment 5 gave a lower estab-
lishment than all other nen-ineculated triatments. This may be a result 
of poor experimental technique rather than a real effect, The depression 
followed the first occ_asicm during sowing that lime pellet seed (with 
full lime) was replaced by plain seed. Note that there was no difference 
between+ and - lime (Tr. 2 vs 1). 
2. Earlier work showed that there was ne difference in germination between 
gum slurry inoculated> lime pelleted, and plain seed, There was also no 
difference between 'plain seed and gum slurry inoDulated seed in seed 
delivered from the drill when on the one setting. 
3. There was a large difference between the lime pellet inoculated (372) and 
gum slurry inoculated (290) treatments,, Pessible reasons include: 
a) a real effect; b) lime in drill mechanism interfering with drill 
function; o) use of wrong cogs, 
4. Manganese en seed as a pellet had a dramatic effect on establishment, 
5. There was no difference between plain super and any of the trace element 
treatments - with the exception of Tr 21 (all TE) for the lime p~lleted 
ones,, 
7D 
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Visual ranking ef grewth (see Appendix I for full data) 
1 • Split up to show effects ef p~lleting and ineoulatien. 
7/7 17/7 1/8 15/8 20/9 
Not Insoulated Tr - Ce - Lime p 2 2 1 ,3 4 
2 - Ce + Lime 1.7 2 1.7 4.7 
5 + Ce - Lime 2.7 3.2 3 3,7 5 
6 + Ce + Lime 2,3 3.8 3,7 4.3 5 
25 - Lime (-Mn) 3 3.3 2.7 3 3.3 
Mean 2.34 2 .86 2,28 2.80 4.40 
,-, 
Inoculated 
a) Lime Pellet versus Gum Slurry 
Lime Pellet Gum Slurry 
Drilled with Tr Ne 7/7 17/7 1 /8 15/8 20/9 Tr Ne 7/7 1717 1/8 15/8 20/9 
Plain super 3 4 4.2 3.3 4.3 5 4 2.7 3.2 2.3 3.7 5 
Lew Cu 7 5 5 5 4.7 4.7 8 4.3 4.5 4 4,7 5 
High Cu 9 4.7 4.8 4.7 5 5 10 4 4.7 4.7 4.7 5 
Low Zn 11 4.3 5 4.3 5 5 12 4.3 4.3 4 3,7 5 
,,,.-lligh Zn 13 5 5 4,3 5 5 14 4 4.3 3.3 4 4.7 
£ew Mn 15 4.7 4.7 5 5 4.3 16 4 4.7 4 4 4,7 
High Mn 1 7 5 5 4.3 4.7 5 18 3.3 5 4.5 5 5 
Co 19 5 5 5 4.7 5 20 3.3 5 5 5 5 
All TE 21 4.7 5 4 4.7 5 22 4.3 4.2 4.3 4 5 
Plain S (-Mn) 24 4.7 4.7 3 3,3 3 23 3,7 4.2 3 2,7 3 
Means 4. 71 4.84 4.29 4.64 4.70 3,79 4.41 3. 91 4.15 4.77 
7/ 
b) Manganese added te seed 
Tr 1 8 
Manganese + lime pellet 26 3 3.3 3.3 3.3 4.70 
Manganese + Lime Pellet 27 3.3 3.2 3.3 3.3 5 
Manganese plllet (high) 28 3 3.2 3.7 3.3 4.3 
Manganese pellet (lew) 29 3 3.3 3.7 3.3 4.7 
Remarks: 
1. There was a marked effect of i·nacu'.l:"at.::Len on growth and colour. 
2. Lime pellet was considerably superior to gum slurry at the early 
stages (July 7). Although lime pellet was consistently ahead of gum 
_;----. Slurry after that occasion the difference was genera.lly quite small. 
_, . .----.._ 
3. There was a growth depression with both lime pelleted and gum 
slurried seed when drilled with plain super (either with all trace 
elements topdressed prior to sowing, Trs 3 and 4 or with all elements 
other than manganese, Trs 24 and 23). 
The depression was noticeable earlier on the gum slurried than the 
lime Ifllleted treatments. 
4. There were no differences between the other treatments in which the 
seed was crilled with trace elements. 
7a... 
II. NODULAT ION (see Appendix II for full details) 
Fifty plants were examined for nodulation on each ef two occasions. Each 
plant was ranked according to the following system: 
0 No nctdules 
Few laterals ( 10 or less) 
1.5 Many laterals 
2 Few tap ( 5 or less) Few lateral 
2o5 Few tap Many lateral 
3 Many tap 
4 C0llar (small) 
5 Cellar (large) 
1. Split up to show effects of pelleting and inoculation 
Nodulation Category 
0 + 1 3+4+5 0 + 1 3+4+5 
Jly 7 July 7 Aug:1;5 A1,lg_ 15 
Not inoculated Tr - Co - Lime p 61 4 17 13 
2 - Co + Lime p 59 7 19 10 
5 + Co - Lime 67 5 26 9 
6 + Co + Lime 69 4 19 7 
25 - Lime (-Mn) 59 7 35 9 
Inoculated 
a) Lime l!ellet versus gum slurr;y: 
Lime Pellet Gum Slurry ··--
Tr : 0 + 1 3+4+5 0 + 1 3 + 4 + 5 Tr 0 + 1 3+4+5 0 + 1 3+4+5 
Drilled with No Jlv Julv Aug Auiz No Jly Jly Auiz Au11: 
Plain super 3 14 21 2 34 4 30 21 7 24 
Low Cu 7 11 27 10 27 8 22 20 11 35 
High Cu 9 18 27 8 30 10 29 20 12 28 
Low Zn 11 22 17 10 32 12 22 30 9 25 
High Zn 13 18 28 5 43"' 14 27 27 21 30 
Lew Mn 15 9 32 12 37 16 13 35 13 36 
Higp. Mn 17 14 26 12 34 18 30 25 21 25 
Co 19 20 35 8 42 20 26 34 3 32 
All TE 21 17 37 8 30 22 26 28 8 38 
Plain S (-Mn) 24 26 26 13 29 23 27 26 25 26 
b) Manganese added t0 seed 
0 + 1 3 + 4 + 5 0 + 1 3 + 4 + 5 
Tr Jul Jul Au Au 
Manganese + lime pellet 26 58 9 28 12 
Manganese + Lime pellet 27 68 6 23 13 
Manganese pellet (high) 28 62 9 36 12 
Manganese pellet ( l41W) 29 68 6 47 9 
7~ 
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Remarks: 
1. There was a strong response to inoculation - based on the percentage 
of poorly nodulated plants (0 + 1) and the percentage of tap root 
nodulated plants ( 3 + 4 + 5). 
2. There was no difference between + and - lime in the nodulatien of the 
non-inoculated plants. 
3. There were more poorly nodulated (O + 1) plants for the gum slurry 
(-L) treatments than for the lime pelleted enes (+L). This was due to 
a higher proportien of plants with few laterals (1) in the gum slurry 
group rather than a higher preportien ef nen-nedulated (0) ones. 
4. There was no great difference between +L and -L in the number of plants 
with many lateral nodules (1.5 - see Appendix II). The +L tended to be 
higher in this category in only three treatments: Plain super; low Zn 
and high Mn. 
5. Fer ease of comparison categories 3, 4 and 5 were combined for consider-
ation of early tap root nodulation (presumed to be a function of 
rhizobia nQmbers). 
Tap root nedulation of the gum slurry ineculated treatments was 
inferior to lime pelleting in three treatments: lew copper, high 
copper and all trace elements. It can be assumed that the lime pellet 
afforded protection against the toxic effect of copper in these harmful 
treatments. 
6. There was a marked depression in tap root nodulation of the lime pelleted 
seed drilled with the lGW quantity of zinc (Tr 11). The experiment was 
conducted on a soil extremely deficient in zinc. It is likely that the 
lime interfered with the zinc availability to the plant. Presumably 
the high zinc treatment was net greatly affected by the lime. 
7. The addition of manganese sulphate to the seed had a very deleterious 
affect on tap root nodulation (see Tr 26-29). 
8. There was a substantial change in the nodulation pattern by the second 
sampling occasion; with a drep in the pr11pert'ien of poerly nedulated 
plants (0 + 1) throughout. There was an overall increase in the pro-
portion of plants nodulated on the tap reot between July and August. 
The differences between lime pellet and gum slurry in the tap root 
nodulation of the two copper and the low zinc treatments in July were 
not apparent in august (the All TE case was reversed). 
74-
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III. VEGETATIVE GROWTH (see Appendix III for full information) 
,-_ 
Drilled with 
Plain super 
L0w Cu 
High Cu 
Lew Zn 
High Zn 
Lc:1w Mn 
High Mn 
Co 
All TE 
The top weights of the plants harvested for nodUlation were measured. Quadrat 
cuts (p x 5 rows x 0.609 m per plot) were carried o.ut on two 0ccasi0ns for 
some of the treatments. 
July 4 Aug. 15 Aug. 22 Sept.24 
g/plant g/plant kg/ha kg/ha 
Not ineculated Tr - Ce - Lime p 0.261 1 .15 441 1725 
2 - C0 + Lime p 0.287 1.32 457 2238 
5 + Co - Lime p 0 .292 2. 53 1287 3620 
6 + Ce + Lime p 0.265 2.90 1438 3867 
15 - lime (-Mn) 0.242 1. 73 
Inoculated 
a) Lime 12ellet versus gum slurr;y 
L". Pellet kg/ha g/plantGum Slurry kg/ha 
Tr No 
g/plant l.l!le 
Tr Ne 
July 4 Au,g .1 '5 Au,g.22 SePt.24 JulY 4 Aug.12 Aug.22 Sel!t.24 
3 0 .2 51 2.47 458 1174 4 0.255 2 .16 1074 2975 
7 0.305 4.23 8 0.287 3. 74 
9 0.289 4.48 10 0 .276 4.20 
11 0.268 4.75 12 0.281 4.54 
13 0 .270 5.13 14 0.284 3. 78 
15 0.310 2. 75 16 0.287 2.88 
17 0.317 2.64 18 0.282 2. 76 
19 0.283 3.29 1574 4120 20 o.279 3.56 1630 3932 
21 0.279 4.53 22 0 .271 4. 78 
Plain s (-Mn) 24 0.275 1. 71 23 0.316 1.64 _,,----.. 
b) Manganese added ta seed 
g/plant 
Tr Jul Au . 
Manganese + Lime pellet 26 0 .2 71 3.28 
Manganese + Lime pellet 27 0.252 3.43 
Manganese pellet (high) 28 0.213 2.92 
Manganese pellet (10w) 29 0.245 2.98 
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IV. SEED YIELDS (See Appendix IV for full information) 
Seed yields were recerded on December 18, 1974. The values are based en 
replicate plots, each 60 x 1. 78 m. 
kg/ha 
Net Inceluated Tr - Co - Lime p 880 
2 - Co + Li@e p 880 
5 + Ce - Lime p 936 
6 + Co + Lime p 1002 
25 - Lime (-Mn) 262 
#' 
In0culated 
a) Lime pellet versus gum slurry 
Lime Pellet Gum Slurry 
Drilled with Tr Ne. kg/ha Tr No kg/ha 
Plain super 3 1017 4 952 
Low Cu 7 1155 8 1058 
High Cu 9 1174 10 1005 
Low Zn 11 1042 12 1005 
High Zn 13 1139 14 921 
Lew Mn 15 1096 16 962 
High Mn 17 1340 18 1283 
Co 19 980 20 974 
all TE 21 1233 22 1367 
Plain S (-Mn) 24 174 23 168 
b) Manganese added to seed 
Tr kg/ha 
Manganese + lime pellet 26 553 
Manganese + lime pellet 27 599 
Manganese pellet (high 28 540 
Manganese pellet (low) 29 555 
7b 
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v. SPLIT SEED (See Appendix IV for full information) 
Assessed on seed from 50 randomly selected plants from each plot. 
Seed was categorised as follows (Based on Gartrell method) : 
N N0 rmal sized healthy seed 
I = Normal sized, but with necrotic tissue on edge of testa 
S Normal size, but testa split 
E Seed shrivelled but with cotyledons partly extruded 
A1 Small seed - dark stained 
A2 = Small seed 
Cate1 orv 
N I s E A1 
Not inoculated Tr 1 - Ca - Liwe p 50(57) O(O) 31(37) 12 ( 3) 3 ( 1 ) 
2 - Co • L-ime p 43(51) 2 ( 1) 33(41) 12( 4) 5 ( 1) 
5 + Co - Lime p 42(49) 1 ( 1 ) 35(430 13 ( '.) 6(2) 
6 + Co + Lime p 41 (47) 2(2) 38(45) 7( 2) 6(2) 
25 -Lime (-Mn) 10(25) 1 ( 1 ) 17( 41) 61 (25) 6(4) 
Inoculated 
a) Lime Pellet versus gum slurry 
Lime Pellet Gum Slurrv 
Drilled with Tr N I s E A1 A2 Tr N I s E A1 
Plain super 
L&w Cu 
tgh Cu 
Lew Zn 
High Zn 
Lew Mn 
High Mn 
Co 
All TE 
Plain S (-Mn) 
3 46(53) 0(0) 37(44) 8( 2) 5 ( 1 ) 2(0) 4 31 (41) 3(4) 32(46) 21( 6) 
.. 
7 54(64) 3(3) 29(29) . 6 ( 2) 2(0) 6(2) 8. 
9 10 50(57) O(O) 33(39) 8( 2) 
11 33(50) 2(2) 35(39) 13 ( 4) 5( 1) ~ 2(3) 12 
13 14 34 ( 55) 2(3) 33(29) 17( 7) 
15 42(50) 2(2) 34(42) 14( 4) 3 ( 1) 4( 1) 16 45(50) 1 ( 1 ) 33( 42) 10( 3) 
17 62(65) O(O) 30 ( 33) 4( 1 ) 3 ( 1) 1(0) 18 75 ( 78) 0(0) 19(21) 2( 1) 
19 43(49) 3(3) -36(43) 11( 3) 3 ( 1) 4:( 1) 20 40(46) 2(2) 39(46) 10( 3) 
21 63(68) 2(2) 23(26) 6( 2) 3 ( 1) 3 ( 1) 22 
24 10(26) 0 ( 1) 17(4-3) 63(30) 5(3) 6(3) 23 6 ( 16) 1(4) .11 ( 34) 70(40) 
Numbers of seed harvested from 50 plants expressed as a percentage. 
(The bracketed figures are the percentages of a 50 gm sub sample en a 
weight basis). 
4( 1) 
4(1) 
6(2) 
6(2) 
.2 ( 0) 
5( 1) 
3(2) 
A2 
3( 1) 
5 ( 1 ) 
5 ( 1 ) 
5 ( 2) 
6(4) 
A2 
9(2) 
5( 1) 
8(4) 
4( 1) 
2:( 0) 
5 ( 1 ) 
8(5) 
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b) Manganese added t0 seed 
Ci:i.te'2'0'"r 
Tr N I s E A1 A2 
Manganese + Lime Pellet 26 23(36) 2(2) 30(46) 34( 11) 4(2) 7(3) 
Manganese pellet (tigh) 28 39(52) 2(2) 27(37) 21( 6) 4( 1) 7( 2) 
Apart frem these .treatments without manganese (Tr 23, 24 and 25) there was 
very little difference in the split-seed distribution. The high manganese 
treatments (Tr 17 and 18) gave mere n0rmal seed. 
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B. COBALT AND INOCULATION 
The following tables summ.a.rise the· inf0rmation on the relationship between 
cobalt application and inoculation. It has been covered in the earlier 
sections - but is less obvious. 
I. PLANT ESTABLISHMENT ( '000 1 s per ha) 
In0culated Not In0culated 
+ Cobalt Lime Pellet 400 363 
Gum Slurry 311 286 
- Cebalt Lime Pellet 363 367 
Gum Slurry 274 363 
II. VISUAL RANKINGS OF VE GET AT IVE GROWTH ( 1 = worst - 5 = best) 
colour and height 
Inoculated Not Ineculated 
July 4 Aug. Aug.1 'i July 4 Aug. Aug.1 'i 
+ Cobalt Lime Pellet 5.0 5.0 4.7 2.3 3.7 4.3 
Gum Slurry 4.3 5.0 5.0 2.7 3.0 3.7 
- Cebal t Lime Pellet 4.0 3.3 4.3 1.7 1 .o 1 • 7 
Gum Slurry 2.7 2.3 3.7 2.0 1 .o 1. 3 
III. NODULAT ION <% in varieus categeries) 
Inoculated Not Inoculated 
-·- July 4 Aui;i:. 11) July 4 Au?. 12 
0 + 1 '3 + 4 + I) 0 + 1 '3 + 4 + I) 0 + 1 '3 + 4 + 'i 0 + 1 '3 + 4 + 'i 
+Cobalt Lime iii.let 20 35 8 42 69 4 19 7 
Gum Slurry 26 34 3 32 67 5 26 9 
-Cobalt Lime Pellet 14 21 2 34 59 7 19 10 
Gum Slurry 30 21 7 24 61 4 17 13 ---
IV VEGETATIVE YIELD . 
Ineculated Not Inoculated 
· .i;i:/'i>lant. kg/ha .. :1.~fi:iiant ·. ; - · "."R:~:/ha ' . . . 
Julv 4 Aug.1 "i Aug 22 Sent.24 Julv 4 AuiL1'i Aui;,o 22 Seut.24 
+Cebalt Lime Pellet 0.283 3 .• 29 1574 4120 0.265 2.90 1438 3867 
Gum Slurrv 0 27Q 'I. "i6 16'30 "iQ"i2 o.2q2 2. "i"i 1287 3620 
-Cebal t Li!Po Pellet 0.251 2 .47 1414 3623 0.287 1.32 457 2238 
Gum Slurry 0.255 2 .16 1074 2975 0.261 1 .15 '.-441 1725 
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V. SEED YIELD (kg/ha) 
Inoc,,1 ated 
+ Cobalt 
- Cobalt 
Lime Pellet 
Gum Slurry 
Lime Pellet 
Gum slurry 
VI. SEED YIELD (replicate variatien) 
980 
974 
1017 
952 
Inoculated 
Rep 
1 2 3 
+ Cobalt Lime Pellet 936 974 1030 
Gum Slurry 936 1049 936 
- Cobalt Lime Pellet 1058 r936 1058 
Gum Slurry 955 IJ.71 1030 
VII. SEED DAMAGE <% in each category) 
Inoculated . 
' N ' s E 
+ Cobalt Lime Pellet 43 (4-9) 36(43) 11 ( 3) 
Gum Slurry 40(46) 39(46) 10( 3l 
- Cobalt Lime Pellet 46(53) 37(44) 9( 2) 
Gum Slurry 31(41) 32(46) 21 ( 6) 
1 
936 
886 
758 
674 
N 
41 (47) 
42(49) 
43(51') 
50(57) 
Not Inoculated 
1002 
936 
880 
880 
Net In0culated 
Rep 
2 3 
936 1133 
861 1067 
758 1124 
843 1124 
Not Ineculated 
s E 
38(45) 7( 2) 
35(43) 13( 3) 
33(41) 12 ( 4) 
31(37) 12(3 ) 
Cemments: There was a clear and early respense to beth inoculation and cobalt 
based en colour (July 4 rating) which was not reflected in top yield until 
the second sampling (August 15). 
The inoculated plants with cobalt were slightly better nodulated than those 
wi theut cobalt, :.~foWll"?JOl'lti t-he c.Dlaj.•;l"ir.n&.d.uJ.%1'thn''1rt~Spens.~Li1r!i@lllJ..11'"tcil:,ne~~a.tien, 
~rresp,_ec~iv~ ;;of:· ll-8bitl.t,. ~ 0T~t!!, nei;i-in~c~l~t.e,~:itW'1:ns. wi theut cobalt gave the 
lewest yields throughout. 
Seme preliminary observatiens en the bactereids (with Prof. M.J. Dilw1>rth) 
indicated that those in the minus cobalt plants were fewer (Appendix V) but 
larger than those with cobalt which suggests that one of the reles of cobalt 
in this situation involves rhizobial cell division. 
1 • 
2. 
3. 
4. 
5. 
6~ 
7. 
8. 
,-- ..... 
10. 
11 • 
12. 
13. 
14. 
15. 
16. 
17~ 
18. 
19. 
20. 
21. 
/~--~ 
~ , 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
.24. 
APPENDIX I - PLANT ESTABLISHMENT AND VISUAL GROWTH RANKINGS 
Plant'1 Visual Ratings * 
Density I 
'OOO's/ha 
D G G G COL HT E D COL 
Treatments 17/8 4/7 4/7 17/7 1/8 15/8 15/8 15/8 1578 20/9 
- I - L - Ce 363 5 2 . 2 1 1.3 2.7 2.7 3.7 4 
-I+.L- Ce 367 5 1.7 2 1 1.7 2.7 2.7 4.7 4.7 
+ I + L - C© 363 4.7 4 4.2 3.3 4.3 4.3 3.7 5 5 
+ I - L - C© 274 4.3 2.7 3.2 2.3 3.7 4 3 4 5 
- I - L + Ce 286 5 2.7 3.2 3 3.7 3.3 3.7 3.3 5 
- I + L + Ce 363 5 2.3 3.8 3.7 4.3 4 3.3 5 5 
+ L law Cu 391 5 5 5 5 4.7 4.7 4 5 4.7 
- L lew Cu 280 5 4.3 4.5 4 4.7 4 3 4.3 5 
+ L high Cu 373 5 4.7 4.8 4.7 5 4.3 3,7 4.3 5 
- L high Cu 286 4,7 4 4,7 4.7 4.7 4 3.3 4.3 5 
+ L law Zn 394 4.7 4.3 5 4.3 5 4.7 4.7 5 5 
- L U!f Zn 280 4.3 4.3 4.3 4 3,7 4.3 3.7 3,7 5 
+ L high Zn 367 5 5 5 4.3 5 4.7 5 5 5 
- L high Zn 293 4 4 4.3 3.3 4 4 3 3.7 4.7 
+ L low Mn 360 5 4.7 4.7 5 5 4.7 4 5 4.3 
-L law Mn 314 4.7 4 4.7 4 4 4 3.3 4 4.7 
+ L high Mn 354 5 5 5 4.3 4.7 4.7 4.3 4.7 5 
- L high Mn 305 4.7 3.3 5 4.5 5 4.5 3 4 5 
+ L + Ce 400 5 5 5 5 4.7 5 4.3 5 5 
- L + Ce 311 4.7 3.3 5 5 5 4.7 4 3.7 5 
+ L + all TE 330 4.3 4.7 5 4 4.7 4 4 4.3 5 
- L + all TE 299 4 4.3 4.2 4.3 4 4 3.7 3.7 5 
- L plain Super 253 3.7 3.7 4.2 3 2.7 3.3 3 3.7 3.3 
+ L plain super 385 5 4.7 4.7 3 3.3 4.3 3.7 5 3 
•I ~L Plain Super 348 5 3 ~.3 2.7 3 3.7 4 4.3 3.3 
+I -L Mn/Lime 268 3.3 3 3.3 3.3 3.3 4.3 3.3 3.7 4.7 
+I Mn/Lime 271 4 3.3 3.2 3.3 3.3 3.3 3 4 5 
Mn pellet (high) 135 3 3 3.2 3,7 3.3 3 2.7 2 4.3 
Mn pellet (l111w) 234 3.3 3 3.3 3.7 3.3 3.3 2.7 3 4.7 
~ Plant density based en counts en 6 quadrats/plet. Each quadrat was 
5 rews x 0.609 m. 
* 5 best; Wl!>rst 
D =Density; G = Grewth and Gr~en Celeur, COL Celeur; HT =Height 
HT 
20/9 
3.3 
3.3 
5 
4 
4.7 
4.7 
5 
4.7 
5 
5 
5 
4.7 
5 
4.3 
4.7 
4.3 
5 
5 
5 
5 
5 
4.3 
4 
4 
3.7 
4 
4.3 
3.3 
3.7 
8/ 
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APPEND IX II - NODULAT ION 
Percent of Plants 
Nodulatien Category - 1st July 4 
Treatment 0 1 1 • 5 2 2.5 3 4 5 0 + 1 3+4+5 2-5 1-5 1.5-5 
1 • - I - L - Ce 35 26 i 1 32 2 1 3 0 61 4 38 65 : 39 
2. - I + L - c(I) 28 31 3 29 2 3 4 0 59 7 38 72 41 
3.~·' + I + L - Ce 6 8 42 9 7 4 12 5 14 21 37 94 86 
4. + I - L - C@ 11 19 29 8 12 3 15 3 30 21 41 89 70 
5. - I - L + Ce 31 36 3 24 2 3 2 0 67 5 31 69 33 
6. - I + L + Ce 32 37 1 25 2 3 1 0 69 4 31 68 31 
7. + L low Cu 5 6 39 11 14 7 15 5 11 27 52 95 89 
8. - L low Cu 7 15 29 17 13 7 7 6 22 20 50 93 78 
,.-----._9. + L high Cu 8 10 29 6 19 7 15 5 18 27 42 92 82 
I 0 • - L high Cu 11 18 26 13 12 3 12 5 29 20 45 89 71 ;: 
11 • + L low Zn 9 13 31 16 13 7 10 0 22 17 46 91 73.li 
12. - L lew Zn 7 15 25 9 14 8 17 5 22 30 53 93 78 
13. + L high Zn 7 11 25 15 1 5 7 16 5 18 28 58 93 82 
14. - L high Zn 7 20 27 10 11 9 14 4 27 27 48 93 73 ··:~ 
15. + L lew Mn 3 6 24 13 24 5 24 3 9 32 69 97 91 
. 16. -L low Mn 2 11 25 10 17 7 11 17 13 35 62 98 87 
17. + L high Mn 6 8 37 9 13 7 15 4 14 26 48 94 86 
18. - L high Mn 11 19 25 10 10 7 13 5 30 25 45 89 70 
19. + L + Co 7 13 24 11 9 7 19 9 20 35 55 93 80 
20. - L + Ce 9 17 21 9 10 11 16 7 26 34 53 91 74 
21 • + L + all TE 7 10 17 13 16 9 23 5 17 37 66 93 83 
,,-
? • - L + all TE 9 17 17 19 10 6 13 9 26 28 57 91 74 
23. - L plain Super 13 14 24 10 13 9 12 5 27 26 49 87 73 
24. + L plain Super 13 13 27 11 10 6 14 6 26 26 47 87 74 
25.,.I -L Plain SupeI 26 33 1 33 0 :·3 4 0 59 7 40 74 41 
26. + :l - L Mn/Lime 25 33 7 24 3 7 2 0 58 9 36 75 42 
27. + I Mn/Lime 29 39 2 24 1 3 3 0 68 6 31 71 32 
28. Mn pellet (high! 34 28 1 20 2 7 2 0 62 9 31 66 38 
29. Mn pellet (lew) 33 35 1 24 1 3 3 0 68 6 31 67 32 
APPEND IX II ( C '·TD ) - NODULAT ION 
Percent ef Plants 
Nedulatien Categery - 2nd Aug 15-20 
Treatments 0 1 1.5 2 2,5 3 4 5 0 + 1 3 + 4 + 5 2-5 1-5 1.5-5 
1. - I - L - Co 1 16 37 5 27 7 5 1 17 13 45 99 83 
2. - I + L - Ce 3 13 46 1 '27 3 7 0 19 10 38 97 81 
3. + I + L - Co 1 1 37 2 25 7 13 14 2 34 61 99 98 
4. + I - L - Ce 2 5 39 3 27 4 7 13 7 24 54 98 93 
5. - I - L + Ce 7 19 33 6 24 5 4 0 26 9 39 93, 74 
6. - I + L + Co 1 18 35 12 27 1 6 0 19 7 46 99 81 
7. + L low Cu 3 7 41 4 18 6 12 9 10 27 49 97 90 
8. - L low Cu 2 9 26 4 24 3 15 17 11 35 63 98 89 
,,---. 
• + L high Cu 1 7 21 9 33 3 11 16 8 30 72 99 92 
10. - L high Cu 1 11 37 10 13 5 13 10 12 28 51 99 88 
11. + L lew Zn 1 9 21 Jf. 3 36 6 11 15 10 32 71 99 90 
12. - L lew Zn 3 6 35 6 25 4 5 16 9 25 56 97 91 
13. + L high Zn 1 4 22 1 29 7 9 27 5 43 73 99 95 
14. - L high Zn 2 19 21 13 14 6 11 13 21 30 57 98 79 
15. + L low Mn 3 9 25 7 18 4 13 20 12 37 62 97 88 
16. - L lew Mn 3 10 25 9 17 4 17 15 13 36 62 97 87 
17. +L high Mn 3 9 36 7 13 6 15 13 12 34 54 97 88 
18. - L high Mn 5 16 26 10 18 4 8 13 21 25 53 95 79 
19. + L + Ce 1 7 27 3 20 9 12 21 8 42 65 99 92 
20. - L + Co 0 3 32 6 27 4 11 17 3 32 65 100 97 
2;t~ + L + all TE 1 7 29 3 31 5 7 18 8 30 64 99 92 
2.:::.. - L + all TE 2 6 33 5 15 5 16 17 8 38 56 98 92 
23. - L Plain Super 8 17 28 7 15 3 10 13 25 26 48 92 75 
24. + L Plain Super 3 10 29 11 17 4 14 11 13 29 57 97 87 
2 5. -I -L Plain Super 13 22 27 11 17 3 5 1 35 9 37 87 65 
26. + L - L Mn/Lime 6 22 34 9 17 3 8 1 28 12 38 94 72 
27. + I Mn/Lime 8 15 27 18 18 10 3 0 23 13 49 92 77 
28. Mn Pellet (hig~( 11 25 19 13 19 8 3 1 36 12 44 89 64 
29. Mn Pellet (lew) 16 31 19 10 14 5 3 1 47 9 33 84 53 
83 
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APPENDIX III 
Vegetative Yield 
g/pl g/pl kg/ha kg/ha 
Treatments July 4 Aug, 15 Aug, 22 Sept.24 
1 • - I - L - Co 0~261 1 .15 441 1725 
2, - I + L - Co 0 .287 1. 32 457 2238 
3. + I + L - Co 0.251 2.47 1414 3623 
4. + Jj - L - Ce 0,255 2 .16 1074 2975 
5. - I - L + Ce> 0.292 2,53 1287 3620 
6. - I + L + Ce 0.265 2.90 1438 3867 
7. + L low Cu 0.305 4,23 
8. - L law Cu 0.287 3. 74 
9. + L high Cu 0.289 4.48 
10. - L high Cu 0 .276 4.20 
11 • + L lew Zn 0~268 4-. 75 
12. - L lew Zn 0 .281 4.54 
13. + L high Zn 0.270 5 .13 
14. - L high Zn 0.284 3. 78 
15. + L l&w Mn 0 .30'0 2.75 
16. - L low Mn 0 .287 2.88 
17. + L high Mn 0.317 2.64 
18. - L high Mn 0.282 2. 76 
19. + L + Co 0,283 3.26 1574 4120 
20. - L + Ce 0.279 3.56 1630 3932 
21. + J, + all TE 0.279 4. 53 
22. - L + all TE 0 .271 4. 78 
23. - L Plain Super 0.316 1.64 
24. + L Plain Super 0,275 1 • 71 
25. -I -L Plain Super 0,242 1.73 
26. +I -L Mn/Lime 0. 2 71 . 3.28 
27. + I Mn/Lime 0.252 3.43 
28. Mn Pellet (high) 0.213 2.92 
29. Mn Pellet (low) 0.245 2.98 
.28. 
APPENDIX IV 
Seed Yield % of seed in ea.ch category 
Treatments kg/ha N I s E A1 A2 
1 • - I - L - Co 880 50(57) 0(0) 31(37) 12(3) 3 ( 1) 3 ( 1) 
2. - I + L - Ce 880 43(51) 2( 1) 33(41) 12(4) 5( 1) 5( 1) 
3. + I + L - Ce 1017 46(53) 0(0) 37(44) 9(2) 5( 1) 2(0) 
4. + I - L - Ce 952 31 (41) 3(4) 32(46) 21 ( 6) 4( 1 ) 9(2) 
5. - I - L + Co 936 42(49) 1( 1) 35(43) 13(3) 6(2) 5( 1) 
6. - I + L + Co 1002 41 (47) 2(2) 98(45) 7(2) 6(2) 5(2) 
7. + L lew Cu 1155 54(64) 3(3) 29(29) -6(2) 2(0) 6(2) 
8. - L lew cu 1058 
9. + L high Cu 1174 
10. - L high Cu 1005 50(57) 0(0) 33(39) 8(2) 4( 1) 5(10 
11 • + L lew Zn 1042 33(50) 2(2) 35(39) 13(4) 5 ( 1 ) 12(3) 
12. - L low Zn 1005 
13. + L high Zn 1139 
14. - L high Zn 921 34(55) 2(3) 33(29) 17( 7) 6(2) 8(4) 
15. + L lew Mn 1096 42(50) 2(2) 34(42) 14(4) 3( 1) 4 ( 1) 
16. - L lew Mn 962 45(50) 1 ( 1 ) 33(42) 10(3) 6(2) 4( 1) 
17. + L high Mn 1340 62(65) 0(0) 30(33) 4( 1) 3 ( 1) '; 1 ( 0) 
18. - L high Mn 1283 75(78) 0(0) 19(21) 2 ( 1) 2(0) 2(0) 
19. + L + Ce 980 43(49) 3(3) 36(43) 11 ( 3) 3 ( 1 ) :.4(1) 
20. - L + Co 974 40(46) 2(2) 39(46) 10(3) 5( 1) 5 ( 1 ) 
21 • + L + all TE 1233 63(68) 2(2) 23(26) 6(2) 3( 1) 3 ( 1 ) 
22. - L + all TE 1367 
23. - L Plain Super 168 6(16) 1(4) 11(34) 70(40) 3(2) 8(5) 
24. + L Plain Super 175 10(20) 0(1) 17(43) 63(30) 5(3) 6(3) 
25. -I -L Plain Super 262 10(25) 1( 1) 17( 41) 61(25) 6(4) 6(4) 
26. + I - L Mn/Lime 553 
27. + I Mn/Lime 599 
28. Mn Pellet (high) 540 
29. Mn Pellet (low) 555 
* Based en the number C>f seeds. 
Figures in parenthesis are based en seed weight 
Date 
C@unted 
17 .10 
18.10 
21.10 
22.10 
·'<3,, 10 
APPENDIX V - The effect of cobalt on the number of bacteroids in nodules 
of field grown sweet lupins inoculated with Rhizobium lupini 
(numbers in 64 squares - Hawksley-Thoma-Counter)* 
I With Cobalt Without Csbalt 
Rep. Preparation,l Rep. 
Plot Plot 
21 1 2 7 8 22 3 4 5 
I 
330 352 378 359 128 59 109 
366 119 48 
I 125 122 
229 335 2 51 11 7 73 93 
169 
396 410 291 
6 
216 
266 
174 
253 
Prep. Means 330 344 346 273 122 60 108 227 
Rep. Means 
18 .10 
22.10 
23.10 
Prep. Means 
Locn,, Means 
Rep. Means 
Grand Mean 
322 136 
Lo ca ti en+ L0cation 
Tap Lateral T & L Tap Lateral T 
50 Root Root 48 Root Root 
9 13 10 14 18 11 15 12 16 -· : 
225 178 280 137 123 159 95 87 
118 334 96 
1 51 114 
151 231 281 288 108 187 119 93 
216 216 2i7 
274 
161 208 298 214 246 110 173 107 90 
181 256 246 131 99 
220 i·t; 120 
265 128 
+Preps 1-8 mainly from tap root nodules; 9, 11, 13, 15 from tap nodules; 
17-18 tap and lateral nodules, 
& L 
17 
141 
100 
136 
Hl6 
126 
* Counts of suspensien 0f bacteroids from 5 gm (f .w.) nedules in 6 ml phesphate 
buffer, diluted to in 200. A count. Cilf 322 is equivalent to: 
322/64 x 200 x 2 x 107 cells per ml of suspension. Multiply by 5/6 No per 
g fresh nedule. 
p 18 lets ef 5 g nodule examined. Prepartaions 1-8 done 17/10; 9-16 on 18/10; 
17,18, 22/10. Suspensions stored in sealed bottles immersed in ice and 
counted on the days indicated. 
